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ABSTRACT
Proteinase in h ib i to r  a c t iv i t y  was measured in the upper leaves 
o f tomato p lants, Lycopersicon esculentum M i l l . ,  48 hr a f te r  wounding 
single lower leaves. Tomato selection 33 (TS 33) previously selected 
fo r  i t s 1 resistance to tomato race 0 of Phytophthora infestans (Mont.) 
deBary was used in th is  study. Spectrophotometric determination of 
to ta l tryps in  in h ib i to r  a c t iv i t y  (TIA) and chymotrypsin in h ib i to r  
a c t iv i t y  (CTIA) in crude extracts and a f te r  a f f i n i t y  chromatography, 
showed tha t s ig n i f ic a n t ly  higher levels o f in h ib i to ry  a c t iv i t y  were 
present in wounded plants than in unwounded contro ls . Seven in h ib i to r  
peaks designated A through G were resolved by is o e le c tr ic  focusing of 
a f f i n i t y  column eluates on a 3.5 to 10.0 pH gradient, from both 
wounded and control p lants. Two additional peaks w ith CTIA and TIA, 
designated Â  and C-j were resolved by is o e le c tr ic  focusing on narrower 
pH gradients (pH 7.0-10.0). A l l  in h ib i to r  peaks from wounded plants 
contained more CTIA and TIA than unwounded con tro ls . Agar double 
d if fu s io n  immunological assays showed tha t in h ib i to rs  from peaks A,
A.|, B, C-j, and C w ith is o e le c tr ic  points o f 9.5, 8.9, 8 .3, 8 .2, and 
8.0, respective ly , were se ro log ica lly  re la ted to In h ib i to r  I .  A, C^, 
and C also reacted strong ly  with In h ib i to r  I I  antiserum, showing tha t 
complete resolution o f  In h ib ito rs  I and I I  by is o e le c tr ic  focusing 
was not accomplished. Proteinase in h ib i to rs  in  peaks, E, F, and G 
apparently have not been described in  past studies based on three 
c r i t e r ia :  (1) they have d i f fe r in g  p i 's  (6 .5 , 5.9, and 4.7,
respective ly , (2) they are be tte r tryps in  than chymotrypsin in h ib i to rs ,  
and (3) they are se ro log ica lly  unrelated to In h ib ito rs  I and I I .
In a s im ila r  study in h ib i to r  levels were measured and compared 
in  tomato selections TS 33, incompatible, or TS 19, compatible, to 
Phytophthora in fes tans, race 0. The i n i t i a l  or endogenous level o f 
in h ib i to rs  was greater in uninoculated plants o f TS 33 than in TS 19. 
Generally, CTIA and TIA declined in both tomato selections a f te r  
inoculation when measured in crude extracts or in eluates from 
a f f i n i t y  chromatographic columns.
P ro f i les  of is o e le c tr ic  focused peaks revealed the same 
in h ib i to r  peaks in  a l l  host-fungus combinations tha t were present in 
wounded plants. A comparison o f in h ib i to ry  a c t iv i t y  in the e le c tro ­
focused proteins from inoculated and uninoculated tomato plants 
showed that there was a decline in CTIA and TIA in most peaks fo llow ing 
in fe c t io n .  These observations suggest tha t the decrease in in h ib i to ry  
a c t iv i t y  is  a general e f fe c t  o f  the pathogen on the tomato plants 
ra ther than a q u a l i ta t iv e  s h i f t  to production o f d i f fe re n t  in h ib i to rs .  
The resu lts  from th is  study fa i le d  to corroborate a previous report 
from th is  laboratory suggesting tha t an overa ll increase in proteinase 
in h ib i to r  a c t iv i t y  was associated w ith the incompatible response of 
TS 33 inoculated with race 0 o f P. in festans.
I .  Pa rt ia l P u r i f ica t io n  o f Proteinase In h ib ito rs  
from Wounded Tomato Plants
1
INTRODUCTION
Certain proteinase in h ib i to rs  accumulate in large quantit ies 
in tomato and potato le a f  tissue in response to wounding (4, 5). Two 
of these in h ib i to rs  have been id e n t i f ie d  and designated In h ib ito rs  I 
and I I .  Like most other p lant proteinase in h ib i to rs ,  they have 
a c t iv i t y  against animal and microbial proteinases with tryps in  and 
chymotrypsin-1ike s p e c i f ic i t ie s ,  but apparently do not in h ib i t  any
of the known plant proteinases (16). In h ib ito rs  I and I I  have been
iso lated from crude potato tuber extracts based on physicochemical 
properties such as th e i r  acid s o lu b i l i t y ,  heat s t a b i l i t y ,  and 
d i f fe r in g  molecular weights (2, 11). In h ib ito rs  I and I I  also have
been iso lated from lyoph i1ized tomato le a f powder based on the
property o f these two proteins to q u a n t i ta t iv e ly  bind to ce ll  debris 
in the presence o f EDTA at a low pH (6). However, in using th is  
method, i t  was found (unpublished) tha t a large part o f the in h ib i to r  
a c t iv i t y  against tryps in  and chymotrypsin did not bind to the ce ll 
debris, which suggested the presence o f other in h ib i to rs  with 
properties d i f fe re n t  from In h ib ito rs  I and I I .
P u r i f ica t io n  procedures, such as those described above, which 
re ly  on physicochemical ch a rac te r is t ics  are l i k e ly  to exclude certa in  
in h ib i to rs .  One c h a ra c te r is t ic  tha t a l l  proteinase in h ib i to rs  have 
in  common is  th e i r  a b i l i t y  to bind to  p ro te o ly t ic  enzymes. A f f in i t y  
chromatography w ith tryps in  and chymotrypsin attached to insoluble 
resins or dextrans has been used successfully fo r  p u r i f ic a t io n  o f
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proteinase in h ib i to rs  in some plant systems (3, 20). Therefore, 
a f f i n i t y  chromatography was employed in th is  study to ex trac t and 
p a r t ia l l y  p u r i fy  tryps in  and chymotrypsin in h ib ito rs  from wounded 
and unwounded tomato plants and determine i f  in h ib i to rs ,  other than 
In h ib ito rs  I and I I ,  accumulate in wounded plants.
MATERIALS AND METHODS
Plant M a te r ia l. - Tomato p lan ts , Lycopersicon esculentum M i l l . ,  
se lection TS 33 (13, 14), were propagated from seed planted in a 
p e a t l i te  mix, J i f f y  Mix Plus ( J i f f y  Products o f America), in model No. 
200, Todd p lanter f la t s  (Speedling Inc .)  w ith  5 cm ca v it ie s . Half 
strength modified Hoagland's so lu tion  (9) was applied every 3 days 
between regular waterings. Plants were grown fo r  3 to 4 weeks in an 
a i r  conditioned greenhouse at approximately 28 C and then transferred 
to an environmental growth chamber fo r  2 days w ith continuous l ig h t  at 
32 C. The lower leaves were wounded by pressing them f iv e  times 
between a r a t - t a i l  f i l e  and a 5 mm wooden dowel (5). A fte r  48 hr a l l  
unwounded leaves were harvested, frozen with l iq u id  n itrogen, and 
lyoph il ize d . Unwounded plants were treated s im i la r ly .  Lyophilized 
le a f  tissue was stored at 4 C in vacuo over CaSÔ  u n t i l  use, at which 
time i t  was powdered in a Waring blender fo r  3 min.
Tissue Ex trac ts . - Crude extracts were made at 4 C by rap id ly  
mixing 8.5 gm o f le a f  powder ( fo r  each o f 3 rep lica tes) in 170 ml of 
ex trac tion  bu ffe r (0.1 M potassium phosphate at pH 6.5 containing 
0.3 M KC1 and 3 mM potassium m e tab isu lf i te )  and s t i r r in g  gently  fo r  
5 min w ith a magnetic s t i r r e r .  Extracts were c la r i f ie d  by 
cen tr ifuga tion  a t 15,000 rpm fo r  15 min using a Type 19 ro to r  
(Beckman). The supernatant was f i l t e r e d  through two layers o f 
Whatman No. 1 f i l t e r  paper, and d i lu te d  1:5 w ith the ex trac tion  bu ffe r. 
Undiluted crude extracts  were between pH 6.3-6.5.
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A f f in i t y  Chromatography. - Each a f f i n i t y  gel consisted of
7.5 ml o f trypsin-agarose, 172 tryps in  u n its /m l, mixed with 22.5 ml 
o f chymotrypsin-agarase, 156 chymotrypsin u n its /m l, (both from U. S. 
Biochemicals) in 1.5 x 20.0 cm columns. The d ilu ted  crude extracts 
were allowed to flow from separatory funnels in to  a f f i n i t y  gel columns 
at 6 C. A f f in i t y  gels were washed with extraction  buffer u n t i l  the 
absorbance o f the eluate a t 280 nm was near 0. Gels were then 
eluted w ith 10 mM HC1 (pH 2) containing 0.3 M KC1 followed by e lu tion  
with 6 M urea (pH 7) containing 0.1 M CaClg. Fractions absorbing at 
280 nm were pooled and dialyzed separately fo r  8 hr against 4 l i t e r s  
o f 1% glycine w ith two changes o f d ia ly s is  bu ffe r. Upon completion 
o f the urea e lu t io n ,  urea was immediately washed from the a f f i n i t y  
gels with 1 mM HC1 containing 0.1 M CaC^ and the gels were stored in 
th is  so lution at 4 C.
Maintenance o f A f f in i t y  Gels. - I t  has been reported tha t high 
concentrations o f urea w i l l  i r r e v e rs ib i ly  denature chymotrypsin but 
not tryps in  (7). Loss o f chymotrypsin a c t iv i t y  was observed in  the 
a f f i n i t y  gels in th is  study a f te r  e lu tion  with 6 M urea. I t  was 
found, however, tha t treatment o f  gels with a chymotrypsin substrate 
restored chymotrypsin a c t iv i t y  to near i t s  o r ig in a l leve ls . Therefore, 
chymotrypsin a c t iv i t y  in the a f f i n i t y  gels was restored immediately 
before each use by mixing 90 ml o f the urea treated a f f i n i t y  gel w ith 
1000 ml o f 10 mM L-tyrosine ethyl ester hydrochloride (TEE) (N u tr i t io n a l 
Biochemicals) in 0.1 M Tris-HCl bu ffe r at pH 7.2 and s t i r r in g  fo r  20 
min at 10 C. The gel was allowed to s e t t le  and the supernatant 
decanted; then the gel was washed in 10 mM HC1 to s o lu b i l iz e  any
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prec ip ita ted  tyros ine . Gels were returned to columns and washed with 
extrac tion  bu ffe r. Chymotrypsin a c t iv i t y  o f the a f f i n i t y  gel was 
monitored before each experiment by allowing 10 ml o f 2 mM TEE in 
0.1 M potassium phosphate bu ffe r (pH 7.0) to flow through 0.5 ml o f gel 
in a 1.5 x 20.0 cm column and measuring the decrease in absorbance of 
the eluate at 240 cm (19). Chymotrypsin a c t iv i t y  o f the gel columns 
was maintained at >_ 75% the a c t iv i t y  in the o r ig ina l columns by 
replacing a proportion o f the old gel w ith  fresh gel as needed.
Preparative Flat-bed E lectrofocusing. - Proteins in the 
a f f i n i t y  gel eluates were separated by f la t-b e d  is o e le c tr ic  focusing 
with an LKB 2117 Multiphor and an LKB 2103 Power Supply (10).
Dialyzed eluates from the a f f i n i t y  columns were pooled and mixed with 
a combination o f LKB ampholines (5 ml o f pH 3.5-10.0 and 1 ml of 
pH 9.0-11.0) to which 5 gm o f Sephadex G-75 superfine (Pharmacia) 
were then added slowly while s t i r r in g .  This combination of ampholines 
resulted in  slab gels w ith  a pH gradient range, a f te r  e lectrofocusing, 
from approximately pH 4 to 9.5. Slab gels w ith narrower gradients 
(pH 7 .0 -10 .0 ), used fo r  some experiments, were prepared by combining 
4 ml o f pH 9.0-11.0, 1 ml o f pH 7.0-9 .0 , and 1 ml o f pH 3.5-10.0 
ampholines. The gels were poured to form slabs and dried to 70 gm 
under a gentle airstream from a small fan in a 10 C incubator. 
Electrode s t r ip s  were soaked in  1 M NaOH fo r  the cathode and 1 M 
Ĥ PÔ  fo r  the anode. I n i t i a l  settings on the power supply were 8 
watts and 1500 v o lts .  Proteins were focused 12 hr on a 10.5 cm wide 
by 22.5 cm long slab gel and cut horizona lly  in to  7.5 cm frac tions  
w ith a metal g rid  provided w ith  the LKB Multiphor. The frac tions
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were eluted f i r s t  w ith  1 ml o f d is t i l l e d  1^0, fo r  pH measurements, 
and then w ith 3 ml o f  0.5 M potassium phosphate bu ffe r (pH 5.5). 
Control experiments w ith  electrofocused ampholines ind icate  that 
these buffers have no detectable in h ib i to ry  a c t iv i t y  against 
chymotrypsin or t ryp s in .  A ll steps in th is  procedure except drying 
the slabs were at 4 C.
Proteinase In h ib i to r  Assays. - At various stages during 
p u r i f ic a t io n ,  the in h ib i to r  preparations were assayed fo r  th e i r  level 
o f in h ib i t io n  o f esterase a c t iv i t ie s  o f 3X c ry s ta l l iz e d  a-chymotrypsin 
and 2X c ry s ta l l iz e d  tryps in  (both from N u tr it io na l Biochemicals). 
Chymotrypsin was assayed by the method o f Schwert and Takenaka (19) 
using TEE as a substrate. Trypsin was assayed by the method of 
Hummel (8) using p - tosy l-a rg in ine  methyl ester hydrochloride (TAME) 
(N u tr i t io n a l Biochemicals) as a substrate. Chymotrypsin and tryps in  
had spec if ic  a c t iv i t ie s  of 7.5 and 40 units  per mg, respective ly .
Assay procedures fo r  proteinase in h ib i to rs  were s im ila r  to methods 
reported previously (14). They were made by pre-incubating 0.1 ml 
o f chymotrypsin (200 pg/ml in 1 mM HC1) or tryps in  (50 yg/ml in 1 mM 
HC1) with 0.1 ml o f in h ib i to r  preparation fo r  2 min a t room 
temperature (approx. 24 C).
The assay fo r  chymotrypsin in h ib i to rs  consisted o f 2.5 ml o f 
1 mM TEE in 0.1 M potassium phosphate bu ffe r at pH 7.0, plus 0.1 ml o f 
the pre-incubated enzyme-inhibitor so lu tion  in the reaction cuvette. 
The above reaction was followed spectrophotometrically w ith  a single 
beam spectrophotometer (G ilfo rd  model 250), by recording decrease in 
absorbance at 240 nm. The assay fo r  tryps in  in h ib i to rs  consisted of
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2.5 ml o f 1 mM TAME in 0.1 M Tris-HCl buffe r a t pH 8.0, plus the pre­
incubated enzyme-inhibitor so lu tion in the reaction cuvette. This 
reaction was followed as an increase in absorbance a t 247 nm. The 
i n i t i a l  2 min o f a l l  reactions were measured and a l l  rates were l in e a r .  
Percentage reduction o f  proteinase a c t iv i t y  by in h ib i to r  was determined 
by comparing the rate o f change of absorbance from the p lo t  with 
control assays in which the enzymes without in h ib i to r  were added to 
th e ir  respective substrates. In h ib i to r  un its  were calculated by the 
method suggested by Vogel elt al_. (20), i . e . ,  "the quantity  o f  in h ib i to r  
tha t reduces the rate o f conversion o f substrate by 1 ymole/min under 
standard conditions is  equal to one in te rna tiona l in h ib i to r  u n it  ( IU )."  
Protein content at various stages o f p u r i f ic a t io n  was determined with 
the Biorad prote in assay (1 ), using bovine serum albumin as a 
standard.
Experimental Design and S ta t is t ic a l  Analys is. - Three separate 
crude extractions were made and passed in d iv id u a l ly  through a f f i n i t y  
chromatographic columns fo r  each experiment. The three rep lica ted  
a f f i n i t y  eluates from each o f the experimental treatments were 
combined fo r  is o e le c tr ic  focusing. This en t ire  procedure was completed 
a minimum o f two times. Confidence in te rva ls  at the 5% level were 
used as a te s t fo r  s ign if icance  between treatments through the 
a f f i n i t y  chromatography step. Ind iv idual peaks o f electrofocused 
in h ib i to r  a c t iv i t y  were subjected to s ta t is t ic a l  analysis. Peaks w ith 
s t a t i s t i c a l l y  s ig n i f ic a n t  a c t iv i t y  above background are indicated by 
a bar showing the confidence in te rv a l.
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Immunological Assays. - Ouchterlony double-d iffus ion assays 
(2, 12, 18) o f electrofocused prote in peaks were done using potato 
In h ib i to r  I and I I  antisera supplied by Dr. C. A. Ryan, Department 
o f A g r icu ltu ra l Chemistry, Washington State U n ivers ity . The 
immunodiffusion medium was prepared using 2% Noble agar (Difco) in 
0.1 M sodium b a rb i ta l ,  0.9% NaCl, pH 8.2 and 0.02% NaNg (2).
RESULTS
In h ib i to r  A c t iv i ty  in Crude Extrac ts . - Trypsin and chymo­
tryps in  in h ib i to r  a c t iv i t y  was detected in the crude extracts from 
leaves o f both wounded and unwounded tomato plants (Tables I and I I ) .  
Crude extracts o f wounded plants contained s ig n i f ic a n t ly  more 
in h ib i to ry  a c t iv i t y  to  both enzymes than control p lants. Levels o f 
chymotrypsin in h ib i to r  a c t iv i t y  (CTIA) and tryps in  in h ib i to r  a c t iv i t y  
(TIA) in wounded plants were approximately two and three times higher 
than in control p lan ts , respective ly .
A f f in i t y  Chromatography. - A f f in i t y  gels were used to 
concentrate the in h ib i to r  proteins in the crude extracts . I t  required 
12 to 15 hr fo r  the 850 ml o f  d i lu te  crude extracts to flow  through 
a f f i n i t y  gels. The columns were then washed w ith  extrac tion  buffe r 
u n t i l  the bu ffe r eluate no longer contained material tha t absorbed at 
280 nm. The attached in h ib i to rs  were eluted in  two steps. The f i r s t  
w ith about 50 ml o f 10 mM HC1 which removed a d is t in c t  peak o f 280 nm
absorbing material and the second with about 30 ml o f 6 M urea which
removed another much la rger peak (Fig. 1). More in h ib i to r  prote in 
was s p e c i f ic a l ly  bound to the columns from the crude extracts  o f 
wounded plants than extracts from unwounded p lan ts , as estimated by 
the absorbance at 280 nm o f both HC1 and urea eluates (F ig. 1) and
prote in assays (Tables I and I I ) .
In h ib i to r  A c t iv i ty  in  A f f i n i t y  Eluates. - Levels o f CTIA and 
TIA were measured in the dialyzed HC1 and urea eluates from a f f i n i t y
10
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Table I .  P u r i f ic a t io n  o f Chymotrypsin In h ib ito rs  from Wounded
and Unwounded Tomato Plants
CTIAa was measured in  the in h ib i to r  preparations during p u r i f ic a t io n  
by th e i r  a b i l i t y  to in h ib i t  the esterase a c t iv i t y  o f  a-chymotrypsin, 
using L-tyrosine ethyl ester hydrochloride as the chymotrypsin substrate 
(see "Methods"). Protein determinations were by the Biorad prote in 
assay using bovine serum albumin as the prote in  standard (1). Each 
value is  an average of s ix  re p l ica te s , two experiments rep lica ted 
three times, except the is o e le c tr ic  focusing data which are the to ta l 





CTIA A c t iv i ty  {%)
Fold-
P u r if ica t io n
Crude Extract
Control 4029 240 , 0.06 100 1
Wounded 3404 511*° 0.15 100 1
A f f in i t y  Chromatography
10 mM HC1 eluates, pH 2
Control 10 80 8 33
Wounded 14 166* 12 32
6 M urea e luates, pH 7
Control 11 77 7 32
Wounded 15 132* 9 26
combined eluates
Control 21 157 8 65 126
Wounded 29 298* 10 58 68
Iso e le c tr ic  Focusing
Control 19 125 6 52 108
Wounded 29 256 9 50 59
aCTIA = chymotrypsin in h ib i to r  a c t i v i t y ,  measured in in te rna tiona l 
in h ib i to r  un its  (20).
^S ig n if ica n t at P = 0.05 ( * ) .  Iso e le c tr ic  focusing step not 
s t a t i s t i c a l l y  analyzed.
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Table I I .  P u r i f ica t io n  o f Trypsin In h ib ito rs  from Wounded and
Unwounded Tomato Plants
a
TIA was measured in the in h ib i to r  preparations during p u r i f ic a t io n  
by th e i r  a b i l i t y  to in h ib i t  the esterase a c t iv i t y  o f t ryp s in ,  using 
para-tosy l-a rg in ine  methyl ester as the tryps in  substrate (see 
"Methods"). Protein determinations were by the Biorad protein assay 
using bovine serum albumin as the protein standard (1). Each value 
is  an average o f s ix  rep lica tes , two experiments rep lica ted three 
times, except the is o e le c tr ic  focusing data which are the resu lts  o f 
p u r i f ic a t io n  o f  the average to ta l TIA in peaks A through G from two 




Specific  Yield 
TIA A c t iv i ty  (%)
Fold-
P u r if ica t io n
Crude Extract
Control 4029 586 . 0.15 100 1
Wounded 3404 2476* 0.73 100 1
A f f in i t y  Chromatography
10 mM HC1 eluates, pH 2
Control 10 320 33 55
Wounded 14 667* 47 27
6 M urea eluates, pH 7
Control 11 75 7 12
Wounded 15 192ns 13 8
combined eluates
Control 21 395 19 67 131
Wounded 29 859* 30 35 41
Iso e le c tr ic  Focusing
Control 19 408 21 69 146
Wounded 29 546 19 22 26
aTIA = tryps in  in h ib i to r  a c t i v i t y ,  measured in in te rna tiona l 
in h ib i to r -u n i ts  (20).
^S ign if ican t a t P = 0.05 ( * ) ;  ns = non -s ign if ican t. Iso e le c tr ic  











6M  urealOmM HCI
50
2 ml fractions
Fig. 1. A f f in i t y  chromatography o f  t ry p s in  and chymotrypsin 
in h ib i to rs  from wounded and unwounded tomato le a f  t issu e . A f f i n i t y  
columns consisted o f 30 ml o f a 3:1 mixture o f chymotrypsin-agarose 
and trypsin-agarose in 1.5 x 20.0 cm columns. A f f i n i t y  chromatography 
was accomplished in four steps: (1) 850 ml o f  d i lu te  crude ex tra c t
from 8.5 gm o f tomato le a f  powder were allowed to f low  through the 
a f f i n i t y  columns, (2) columns were washed w ith  ex tra c t io n  b u f fe r ,  (3) 
columns were eluted w ith  about 50 ml o f 10 mM HCI contain ing 0.3 M 
KC1 at pH 2.0 (1st peak a t 280 nm), and (4) columns were e luted w ith 
about 30 ml o f  6 M urea conta in ing 0.1 M CaCl9 a t pH 7.0 (2nd peak at 
280 nm). *
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columns. I t  was determined tha t levels o f CTIA and TIA were present 
a t about twice the concentration in HCI and urea eluates from columns 
with wounded plant ex trac ts , compared to those with unwounded plant 
extracts (Tables I and I I ) .  These higher levels o f in h ib i to r  a c t iv i t y  
were a l l  s t a t i s t i c a l l y  s ig n i f ic a n t ,  the only exception being TIA 
levels in the urea eluates. However, the combined to ta l TIA in  urea 
and HCI eluates was s ig n i f ic a n t ly  higher in  wounded plant extracts 
(Table I I ) .  Total percent y ie ld  o f CTIA from the o r ig in a l crude 
extracts by a f f i n i t y  chromatography was 58 and 65% from wounded and 
control p lan ts , respective ly  (Table I ) .  About h a lf  o f the CTIA was 
eluted w ith 10 mM HCI and the other h a lf  w ith 6 M urea (Table I ) .
Total percent y ie lds  o f TIA from a f f i n i t y  chromatography showed tha t 
67% o f the o r ig in a l crude extract TIA was recovered from unwounded 
con tro ls , but only 35% from the wounded plants (Table I I ) .  Even with 
th is  lower y ie ld ,  to ta l TIA from the wounded plants was s ig n i f ic a n t ly  
higher than contro ls . TIA was three to four times higher in the HCI 
eluates than the urea eluates in  both the wounded and control t r e a t ­
ments. The spec if ic  a c t iv i t y  o f CTIA and TIA was increased grea tly  
in both wounded and contro l p lant extracts by the a f f i n i t y  chromato­
graphy step due to the separation o f  the in h ib i to rs  from large amounts 
o f n o n - in h ib ito r  proteins (Tables I and I I ) .  However, sp e c if ic  
a c t iv i t ie s  of CTIA and TIA increased to  a greater extent in the 
contro ls as estimated by fo ld -p u r i f ic a t io n .  Basing p u r i f ic a t io n  o f 
the in h ib i to rs  on increases in sp e c if ic  a c t i v i t y ,  a range o f 41 to 
131-fold p u r i f ic a t io n  was achieved w ith the a f f i n i t y  chromatography 
procedure.
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Iso e le c tr ic  Focusing. - Seven peaks designated A through G o f 
CTIA and TIA were resolved by is o e le c tr ic  focusing o f  a f f i n i t y  column 
eluates derived from wounded and control p lants. Figures 2 and 3 
show levels o f CTIA and TIA, respective ly , in 4 ml frac t ions  eluted 
from each gel s l ic e .  Yields from the is o e le c tr ic  focusing step were 
determined by to ta l in g  the CTIA and TIA under peaks A through G 
(Tables I I I  and IV). Yields o f in h ib i to ry  a c t iv i t y  from a f f i n i t y  gel 
eluates ranged from no loss to about 13% loss in the various 
treatments during the is o e le c tr ic  focusing procedure (Tables I and I I ) .  
Again, levels of CTIA and TIA in wounded p lant ex trac ts , as measured in 
a l l  previous steps, remained higher than in  those from unwounded 
contro ls .
In pre lim inary is o e le c tr ic  focusing experiments, i t  was found 
tha t the is o e le c tr ic  points o f some in h ib i to rs  (B, C, and D) were 
s im ila r .  They were so close together in the gel bed tha t fra c t io n a t io n  
by a r b i t r a r i l y  s l ic in g  the gel bed sometimes fa i le d  to produce good 
reso lu tion . Therefore, data from a s ingle is o e le c t r ic  focusing 
experiment fo r  each treatment showing the best reso lu tion  o f the 
in h ib i to rs  were selected fo r  Figures 2 and 3. Repeated experiments 
demonstrated the same pattern o f re su lts .  A l l  in h ib i to r  peaks 
detected had both tryps in  and chymotrypsin in h ib i to ry  a c t iv i t y  
associated with them, but not in the same re la t iv e  proportion. Each 
of the tryps in  and chymotrypsin in h ib i to ry  peaks were present in 
wounded and unwounded plant ex trac ts , but in a l l  cases the in h ib i to ry  
a c t iv i t y  (CTIA and TIA) associated with each peak was higher in  the 











Fig. 2. Chymotrypsin in h ib i to r  a c t i v i t y  (CTIA) o f is o e le c t r ic a l ly  
focused in h ib i to r  prote ins from wounded and unwounded tomato p lan ts. 
In h ib i to r  prote ins in  a f f i n i t y  column eluates were dialyzed and mixed 
uniform ly in  slab ge ls . In h ib i to rs  were separated by preparative f l a t ­
bed is o e le c t r ic  focusing using an LKB 2117 Multiphor. Slab gels were 
frac tiona ted  by c u t t in g  w ith  a g r id  a f te r  is o e le c t r ic  focusing and 
in h ib i to rs  were e luted from each f ra c t io n  fo r  determination o f 
a c t iv i t y .  Points on the curves represent the to ta l  quan tity  o f  CTIA, 
measured in  in te rn a t io n a l in h ib i to r  u n its ,  in  a s ing le  4 ml f ra c t io n .  




















Fig. 3. Trypsin in h ib i to r  a c t i v i t y  (TIA) o f is o e le c t r ic a l ly  
focused in h ib i to r  prote ins from wounded and unwounded tomato p lants 
(see Fig. 2 fo r  methods).
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Table I I I .  Chymotrypsin In h ib i to r  A c t iv i ty  Associated w ith Iso- 
el e c t r ic a l ly  Focused Proteins from Wounded 
and Unwounded Tomato Leaf Tissue
Chymotrypsin in h ib i to r  a c t iv i t y  (CTIA) was measured in eluates 
from fractionated gel beds a f te r  is o e le c tr ic  focusing (see procedure 
in  F ig . 2).







A c t iv i ty
A 13.3 26.3 9.5 5
B 37.5 95.6 8.3 9
C 19.8 45.7 8.0 13
D 20.0 39.4 7.6 8
E 12.0 18.2 6.7 13
F 11.2 16.8 6.1 8
G 10.8 14.3 4.8 3
a
Total CTIA in a l l  frac t ions  under each peak, expressed in 
in h ib i to r  un its .  Each value is  an average o f two complete iso ­
e le c t r ic  focusing experiments.
kpl = Iso e le c tr ic  po in t.
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Table IV. Trypsin In h ib i to r  A c t iv i ty  Associated with Is o e le c t r ic a l ly
Focused Proteins from Wounded and 
Unwounded Tomato Leaf Tissue
Trypsin in h ib i to r  a c t iv i t y  (TIA) was measured in eluates from 
fractionated gel beds a f te r  is o e le c tr ic  focusing (see procedure in 
Fig. 2).






Average Specific  
A c t iv i ty
A 22.9a 31.5 9.5 7
B 62.1 85.6 8.3 11
C 21.4 38.9 8.0 12
D 48.6 52.3 7.7 14
E 84.3 96.5 6.5 81
F 89.0 119.6 5.9 58
G 80.6 102.2 4.7 24
Total TIA in a l l  frac t io n s  under each peak, expressed in in h ib i to r  
un its . Each value is an average o f two complete is o e le c tr ic  
focusing experiments.
bpl = Iso e le c tr ic  po in t.
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in  each peak were estimated by summation o f  the a c t iv i t y  o f  each 
fra c t io n  o f the peak. Position of peaks was always determined using 
the more sensit ive  enzyme in h ib i to r  assay thus allowing summation o f 
in h ib i to r  un its  under the peak fo r  the less sensit ive  assay.
Certain observations allow the separation o f the in h ib ito rs  
in to  two classes, based on th e ir  effectiveness as chymotrypsin or 
tryps in  in h ib i to rs .  I t  was observed tha t the re la t iv e  proportions 
o f CTIA and TIA between peaks vary subs tan tia l ly  (Tables I I I  and IV). 
This indicates tha t the re la t iv e  effectiveness o f the in h ib ito rs  
w ith in  peaks to in h ib i t  chymotrypsin or tryps in  varies. In general, 
higher levels of CTIA are present in peaks A, B, C, and D than in 
E, F, and G (Table I I I ) ,  whereas, when the same in h ib i to r  preparations 
were assayed fo r  TIA, the opposite is  true (Table IV). Thus, 
in h ib i to rs  in peaks A, B, C, and D are proportionate ly be tte r chymo­
tryps in  in h ib i to rs ,  and in h ib i to rs  in peaks E, F, and G are re la t iv e ly  
more e f fe c t iv e  as t ryp s in  in h ib i to rs .  Also, spec if ic  a c t iv i t ie s  o f 
tryps in  in h ib i to r  proteins in E, F, and G are much higher than in 
A, B, C, and D which lends support to these resu lts .
Another c h a ra c te r is t ic  tha t d if fe re n t ia te s  between the two 
classes are th e i r  is o e le c t r ic  points ( p i 's ) .  Is o e le c tr ic  points o f 
the in h ib i to rs  were determined by measuring the pH at the point o f 
highest chymotrypsin or tryps in  in h ib i to r  a c t iv i t y  in  the peaks. I t  
is  l i k e ly  tha t pi determinations are more accurate using the more 
sensit ive  enzyme assay. Therefore, p i 's  o f in h ib i to rs  A-D were 
estimated from the CTIA peaks (Fig. 2 ), and E-G from the TIA peaks 
(Fig. 3). In h ib ito rs  in  peaks A, B, C, and D were estimated to have
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p i 's  in  basic pH range o f  9.5, 8 .3, 8 .0, and 7.6 respective ly (Table 
I I I ) ,  whereas, E, F, and G have p i 's  in the ac id ic  pH range o f  6.5,
5.9, and 4.7 respective ly  (Table IV).
Serological Assays. - Serological assays were performed with 
In h ib i to r  I and I I  antisera using the Ouchterlony double d if fu s io n  
technique. In h ib ito rs  in  peaks A through G were exhaustively dialyzed 
against 50 mM potassium phosphate buffer (pH 7 ), standardized to 
approximately the same prote in concentrations (1) and placed in the 
outer wells (Fig. 4). Antiserum was placed in the center wells . 
Material in peaks E, F, and G gave no reaction with e ith e r  antiserum 
(Fig. 4B and D). Material from the other peaks showed c ro ss -re a c t iv i ty  
when assayed with the two antisera (not shown) and so the attempt was 
made to be tte r resolve In h ib ito rs  I and I I  on a narrower pH gradient 
(pH 7.0-10.0) to  avoid cross-contamination. One th ird  the amount o f 
prote in focused in the wider gradients was in the narrow gradient, 
to prevent overloading in the gel. Two additional in h ib i to r  peaks of 
CTIA and TIA were resolved w ith th is  technique and designated Â  and 
C.j with p i 's  o f 8.9 and 8.2, respective ly . Peak D was not resolved 
in narrow pH gradients presumably because less in h ib i to r  prote in  was 
i n i t i a l l y  subjected to focusing. Material in  peaks A, A-j, B, , and 
C a l l  reacted w ith  In h ib i to r  I and I I  an tise ra , however, material in  
A, C-|, and C reacted much more s trong ly  than Â  and B w ith In h ib i to r  
I I  antiserum (Fig. 4A and C). The serological s p e c i f ic i t y  o f  peak D 
was not determined.
22
Fig. 4. Ouchterlony double d if fu s io n  assays o f in h ib i to rs  from 
wounded tomato p lants. In h ib ito rs  A, A ,, B, C, and C-j resolved by 
is o e le c tr ic  focusing on a f la t-b e d  w ith a narrow pH gradient o f 7.0 
to 10.0 were placed in  outer wells and tested against In h ib ito rs  I 
and I I  antisera in the center wells (A and C). E, F, and G resolved 
on a wider pH gradient o f 3.5-10.0 were tested s im i la r ly  (B and D). 
Outer wells designated SA contained material from the l e f t  slope o f 
peak A and those w ithout designation were unused wells .
DISCUSSION
I t  was not surpris ing  tha t tryps in  and chymotrypsin in h ib i to r  
leve ls  were higher in crude extracts from wounded plants than in 
extracts from unwounded contro ls since th is  phenomenon has been 
described previously (4, 5, 6, 14, 21). A f f in i t y  gel columns, used to 
concentrate the in h ib i to rs  from crude ex trac ts , generally yielded 
about 60" of the CTIA and TIA, w ith the exception tha t only 35% o f the 
TIA was recovered from wounded p lant extracts (Tables I and I I ) .  A 
l i k e ly  explanation fo r  th is  lower recovery is  tha t certa in  in h ib i to rs  
are la b i le  when subjected to these experimental conditions. Also, the 
p o s s ib i l i t y  cannot be excluded tha t low molecular weight, non-protein 
in h ib i to rs  are lo s t  during th is  procedure. In sp ite  o f the lower 
percentage y ie ld  of TIA, there was a s ig n i f ic a n t ly  greater amount o f 
TIA, as well as CTIA, in  the a f f i n i t y  column eluates o f wounded plant 
extracts than in  extracts  from unwounded p lants. Purity  o f the 
in h ib i to r  proteins was increased sub s ta n tia l ly  by a f f i n i t y  chromato­
graphy as indicated by the 41- to  131-fold increases in spec if ic  
a c t iv i t ie s  o f the in h ib i to rs .
To determine i f  new in h ib i to rs  were produced or i f  leve ls  of 
certa in  in h ib i to rs  already present increased due to wounding, p a r t ia l  
separation and quan tita t ion  o f the various in h ib i to rs  in  the a f f i n i t y  
eluates was necessary. The preparative f la t-b e d  is o e le c t r ic  focusing 
method (10) was used because th is  method permits large quantit ies  o f 
proteins to be focused and then eas ily  eluted from the gel and d ire c t ly
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assayed fo r  in h ib i to r  a c t iv i t y  assays. Most o f the o r ig in a l CTIA and 
TIA in the a f f i n i t y  eluates was recovered a f te r  is o e le c tr ic  focusing 
(Tables I and I I ) .  Seven major peaks possessing both CTIA or TIA 
were detected (Figs. 2 and 3). Some of these peaks most l i k e ly  
consist o f two or more unresolved in h ib i to rs  with s im ila r  is o e le c tr ic  
points. In fa c t ,  in a single is o e le c tr ic  focusing experiment using 
a narrower pH gradient (pH 7.0-10.0) additional peaks were resolved 
and designated A-j and C-j.
The leve ls  o f in h ib i to r  a c t iv i t y  in the unwounded control 
p lant extracts was higher than expected based on previous reports o f 
In h ib i to r  I and I I  leve ls  (4, 5, 6). I t  is  not known whether the 
in h ib i to rs  in the control plants are present due to unintentional 
wounding, although care was taken to prevent t h is ,  or due to an 
innate background level in the TS 33 tomato p lants. The c u l t iv a r  
Bonny Best was used in  most o f the studies in which low levels of 
In h ib i to r  I and I I  were reported fo r  unwounded control plants (8, 9,
10, 17). I t  is  in te re s t in g  to note tha t a l l  seven o f the in h ib i to r  
peaks id e n t i f ie d  in the wounded plant extracts could also be id e n t i f ie d  
in the unwounded contro l p lant extracts (Figs. 2 and 3 and Tables I I I  
and IV). In a l l  cases, however, there was greater in h ib i to r  a c t iv i t y  
in each o f the peaks id e n t i f ie d  from the wounded p lant extracts when 
compared to the corresponding peaks in the unwounded con tro l.
Eluates from frac t ions  containing in h ib i to rs  tha t e le c tro ­
focused between pH 7.7 and 9.5, designated A, B, C, and , reacted 
immunologically with e ith e r  In h ib i to r  I antiserum or In h ib i to r  I I  
an ti serum. However, A, C, and reacted much more strongly with
25
In h ib i to r  I I  antiserum than or B. Probably the cross-reaction was 
due to  an incomplete separation o f In h ib i to r  I and I I  on the slab 
gels. I t  was not surpris ing  to f in d  several peaks o f in h ib i to rs  
tha t reacted w ith In h ib i to r  I or I I  antisera since protomer and 
is o in h ib i to r  species l i k e ly  occur in nature. Four tetrameric species 
o f In h ib i to r  I from Russet Burbank potatoes have been described which 
each have d i f fe re n t  binding a f f in i t ie s  to su lfoethy l ce llu lose  during 
chromatography in 8 FI urea (11). These tetramers have d i f fe re n t ia l  
a c t iv i t y  in chymotrypsin and tryps in  in h ib i to r  assays, but generally 
are more potent in h ib i to rs  o f chymotrypsin. In another repo rt,  10 
major protomer bands o f In h ib i to r  I from U lster Prince potatoes were 
resolved by is o e le c t r ic  focusing (15).
Iso la t ion  and characterization o f In h ib i to r  I I  from Russet 
Burbank potatoes using phosphocellulose chromatography in 8 M urea, 
showed tha t i t  is composed o f dimers o f four ind iv idua l protomers 
(2). Iso e le c tr ic  points o f three o f the protomers were 5.7, 7.2, and 
8.2. Each o f the In h ib i to r  I I  dimers, reconstitu ted from these three 
species, are be tte r in h ib i to rs  o f chymotrypsin than tryp s in .
This inves tiga tion  showed tha t there are in h ib i to rs  o f tryps in  
and chymotrypsin other than In h ib ito rs  I and I I  (4, 5, 6, 21) tha t 
accumulate in tomato leaves in  response to wounding. These in h ib i to rs  
were separated in to  three bands o f in h ib i to ry  a c t iv i t y  by f la t-b e d  
electrofocusing and designated E, F, and G. Unlike In h ib ito rs  I and 
I I  which have basic is o e le c tr ic  points and are more potent chymotrypsin 
in h ib i to rs ,  in h ib i to rs  E, F, and G have p i 's  o f  6 .6, 6 .0 , and 4.8,
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respective ly , and are re la t iv e ly  more potent tryps in  in h ib i to rs ,  
im portantly , eluates from the f la t-b e d  frac t ions  containing these 
in h ib i to rs  fa i le d  to  react immunologically w ith In h ib i to r  I and 
In h ib i to r  I I  antisera.
Most
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INTRODUCTION
Proteinase in h ib i to rs  are prevalent in the p lant kingdom 
(26). They have been id e n t i f ie d  in the higher p lant fam ilies  
Leguminosae, Solanaceae, Gramineae and Chenopodeaceae, and in a few 
microorganisms (35). They generally are small proteins ranging from 
5,000 to 60,000 in molecular weight (15, 26, 35). Most plant 
proteinase in h ib i to rs  are sp e c if ic  fo r  enzymes o f microbial or animal 
o r ig ins  having tryps in  or chymotrypsin-1ike s p e c i f ic i t ie s  (26).
There are, however, ce rta in  carboxypeptidase in h ib i to rs  in potatoes 
which are potent in h ib i to rs  o f animal carboxypeptidases A and B 
(24, 28).
P ro teo ly t ic  enzymes have been shown to be produced by many 
microorganism and among these are several p lant pathogenic fungi 
(13, 19, 23, 25, 32, 33). Also, an increase in p ro te o ly t ic  a c t iv i t y  
has been measured in tissues o f several susceptible plants a f te r  
in fe c t io n  by fungi (12, 17, 22, 31, 34). The resu lts  o f these 
studies coupled with the fa c t  tha t proteins are present in p lant ce l l  
w a lls , middle lamellae, and plasma membranes (1, 5, 14), have led to 
the suggestion tha t p ro te o ly t ic  enzymes are involved in  the penetration 
and growth o f fungal parasites in  th e i r  p lan t hosts.
Because some o f the n a tu ra l ly  occurring proteinase in h ib i to rs  
in plant tissues have the capacity to in h ib i t  p ro te o ly t ic  enzymes 
o f insects and microorganisms, i t  has been speculated tha t they may 
act as pro tective  agents against po tentia l invading organisms (35).
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This speculation was strengthened when Green and Ryan (6, 7) showed 
tha t proteinase In h ib i to r  I was induced to accumulate throughout a 
tomato p lant w ith in  a few hours a f te r  a s ingle le a f was wounded by 
a feeding insect or mechanical abrasion. Later i t  was found tha t 
In h ib ito rs  I and I I  accumulate in wounded tomato plants because 
wounding releases a wound hormore ca lled proteinase in h ib i to r  inducing 
fac to r (PI IF) which is  translocated rap id ly  throughout the plant where 
i t  induces accumulation o f the in h ib i to rs  (8, 27). In another study, 
P IIF - l ik e  a c t iv i t y  was found in ju ice  from tissues of 37 plant 
species, including three fleshy fung i,  by assaying the ju ices fo r  th e i r  
capacity to induce accumulation o f in h ib i to r  I in excised tomato 
leaves (18). Senser, ejt al_. (30) showed in h ib i t io n  o f growth and 
p ro te o ly t ic  a c t iv i t y  o f several fungi and bacteria iso lated from 
decaying potatoes by in h ib i to rs  p u r i f ie d  from potatoes o f the same 
va r ie ty .  Peng and Black (20, 21) assayed crude extracts from tomato 
plants inoculated w ith  Phytophthora infestans and reported an increase 
in proteinase in h ib i to r  a c t iv i t y  w ith incompatible ( res is tan t)  
combinations but not with compatible (susceptib le) combinations.
The i n i t i a l  purpose o f the present inves tiga tion  was to fu r th e r  
examine the reported (20, 21) increase in proteinase in h ib i to r  
a c t iv i t y  associated w ith  JP. infestans race-spec if ic  resistance in tomato 
p lants. The present in ve s t ig a t io n , however, fa i le d  to f in d  an 
increase in in h ib i to r  a c t iv i t y  using s im ila r  assay procedures and the 
same host-parasite system. The previous work and the attempts to 
repeat i t  were done using crude extracts o f tomato leaves d ire c t ly  
in a spectrophotometric assay fo r  in h ib i to r  a c t iv i t y .  To avoid the
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uncerta in ties  o f using crude extracts fo r  assays, a method employing 
the a f f i n i t y  chromatography technique was developed to p a r t ia l l y  
p u r i fy  the in h ib i to rs  to be assayed (3). Using p a r t ia l l y  p u r i f ie d  
proteinase in h ib i to rs  to assay fo r  leve ls  o f in h ib i to ry  a c t iv i t y  from 
compatible and incompatible combinations o f  tomato and F\ in fes tans, 
the evidence fo r  a ro le  of proteinase in h ib i to rs  in race-spec if ic  
resistance in th is  host-parasite combination is  reassessed.
MATERIALS AND METHODS
Source o f Plants and Fungal Cultures. - S ib ling  tomato 
(Lycopersicon esculentum M i l l . ) ,  selections designated TS 19 and 
TS 33 were the host plants used in th is  study and a previous study 
(20, 21). The pathogen used was Phytophthora in fes tans , tomato race 0, 
iso la te  WV 75 obtained from Dr. M. E. Galleg ly, West V irg in ia  
Univers ity . TS 19 gives a compatible (susceptib le) reaction to th is  
race while TS 33 given an incompatible ( re s is ta n t)  reaction.
Preparation o f Inoculum. - Cultures o f P_. infestans were 
maintained on lima bean agar medium (4). Inoculum was prepared by 
washing sporangia from 10-day old flood-seeded lima bean agar cu ltu re  
plates with 30 ml o f water per 15 p lates. Sporangia were pelleted 
by cen tr ifuga tion  a t 10,000 rpm in an SS 34 Sorvall ro to r  and washed 
two times w ith a lima bean agar medium extrac t obtained by blending 
the agar medium with equal volumes o f water and f i l t e r i n g  through 
cheesecloth. Solutions containing 150,000 sporangia per ml were 
incubated a t 12 C fo r  2 hr to induce zoospore l ib e ra t io n  and used to 
spray inoculate the tomato p lants.
Propagation and Inoculation o f P lants. - Plants were 
propagated from seed planted in a p e a t l i te  mix, J i f f y  Mix Plus ( J i f f y  
Products of America), in model No. 200 Todd Planter Flats (Speed!ing 
Inc .)  w ith 5 cm c a v it ie s .  Half-s trength modified Hoagland's so lu tion 
(11) was applied every 3 days between regular waterings. Plants were 
grown between 3 and 4 weeks in an a i r  conditioned greenhouse at
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approximately 28 C and then transferred to an environmental growth 
chamber fo r  2 days w ith  a day temp o f 24 C and a n ight temp o f 20 C. 
Plants were then spray inoculated and held in a dark humidity chamber 
fo r  24 hr at approximately 24 C before being transferred back in to  
the growth chamber. Twenty-four hours a f te r  being returned to the 
growth chamber (48 hr a f te r  in ocu la t ion ), a l l  leaves were harvested, 
frozen w ith l iq u id  n itrogen, and 1yophi1ized . Uninoculated contro ls 
were treated s im i la r ly .  Lyophilized le a f tissue was stored in vacuo 
at 4 C over CaSÔ  u n t i l  use, at which time i t  was powdered in a 
Waring blender fo r  3 min.
Tissue E xtrac ts . - Crude extracts were made at 4 C by rap id ly  
mixing 8.5 gm o f le a f  powder ( fo r  each o f 3 rep lica tes) in 170 ml of 
extrac tion  bu ffe r (0.1 M potassium phosphate at pH 6.5 containing 
0.3 M KC1 and 3 mM potassium m etab isu lf i te )  and s t i r r in g  gently fo r  
5 min w ith  a magnetic s t i r r e r .  Extracts were c la r i f ie d  by c e n t r i ­
fugation at 15,000 rpm fo r  15 min using a Type 19 Beckman ro to r .  The 
supernatant was f i l t e r e d  through two layers o f Whatman No. 1 f i l t e r  
paper, and d i lu ted  1:5 with the extraction  bu ffe r. Undiluted crude 
extracts were between pH 6.3 and 6.5.
A f f in i t y  Chromatography. - Each a f f i n i t y  gel column contained
7.5 ml o f trypsin-agarose, 172 tryps in  un its /m l, mixed w ith 22.5 ml 
o f  chymotrypsin-agarose, 156 chymotrypsin un its /m l,  (both from U. S. 
Biochemicals) in 1.5 x 20.0 cm columns. The d i lu ted  crude extracts 
were allowed to flow from separatory funnels in to  a f f i n i t y  gel 
columns at 6 C. A f f i n i t y  gels were washed with extrac tion  bu ffe r 
u n t i l  the absorbance o f  the eluate at 280 nm was near 0. Gels were
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then eluted w ith 10 mM HC1 (pH 2) containing 0.3 M KC1 followed by 
e lu t ion  with 6 M urea (pH 7) containing 0.1 M CaCl^. Fractions 
absorbing at 280 nm were pooled and dialyzed separately fo r  8 hr 
against 4 l i t e r s  of 1% glycine w ith two changes o f d ia ly s is  bu ffe r. 
Upon completion o f the urea e lu t io n ,  urea was immediately washed from 
the a f f i n i t y  gels with 1 mM HC1 containing 0.1 M CaC^ and the gels 
were stored in th is  so lu tion at 4 C.
Maintenance o f A f f in i t y  Gels. - I t  has been reported tha t 
high concentrations o f urea w i l l  i r re v e rs ib ly  denature chymotrypsin 
but not tryps in  (9). Loss of chymotrypsin a c t iv i t y  was observed in 
a f f i n i t y  gels a f te r  e lu t ion  with 6 M urea in a previous study, but 
i t  was found tha t treatment of a f f i n i t y  gels with a chymotrypsin 
substrate resulted in a return o f chymotrypsin a c t iv i t y  to near 
o r ig in a l leve ls (3). Chymotrypsin a c t iv i t y  was restored by the same 
method in th is  study.
Preparative Flat-bed E lectro focusing. - Proteins in the 
a f f i n i t y  gel eluates were separated by f la t-b e d  is o e le c tr ic  focusing 
with an LKB 2117 Multiphor and an LKB 2103 Power Supply (15).
Dialyzed eluates from the a f f i n i t y  columns were pooled and mixed with 
a combination o f LKB ampholines (5 ml o f  pH 3.5-10.0 and 1 ml o f  pH 
9.0-11.0) to which 5 gm o f Sephadex G-75 superfine (Pharmacia) were 
then added slowly while s t i r r in g .  This combination o f ampholines 
resulted in slab gels with a pH gradient range, a f te r  e lectro focusing, 
from approximately pH 4.0 to 9.5. Slab gels with narrower gradients 
(pH 7 .0 -10 .0 ), used fo r  some experiments, were prepared by combining 
4 ml o f  pH 9.0-11.0, 1 ml o f pH 7 .0 -9 .0 , and 1 ml o f pH 3.5-10.0
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ampholines. The gels were poured to form slabs and dried to 70 gm 
under a gentle airstream in a 10 C incubator. Electrode s tr ip s  
were soaked in 1 M NaOH fo r  the cathode and 1 M Ĥ PÔ  fo r  the anode. 
I n i t i a l  se tt ings on the power supply were 8 watts and 1500 vo lts .  
Proteins were focused 12 hr on a 10.5 cm wide by 22.5 cm long slab 
gel and cut h o r izo n ta l ly  in to  7.5 mm frac t ions  with a metal g rid  
provided with the LKB Multiphor. The frac t ions  were eluted f i r s t  
with 1 ml o f d is t i l l e d  H^O, fo r  pH measurements, and then with 3 ml o f 
0.5 M potassium phosphate bu ffe r (pH 6 .5 ). Control experiments with 
electrofocused ampholines ind ica te  tha t these buffers have no detectable 
in h ib i to ry  a c t iv i t y  against chymotrypsin or t ryp s in . A ll steps in 
th is  procedure except drying the slabs were at 4 C.
Proteinase In h ib i to r  Assays. - At various stages during 
p u r i f ic a t io n ,  the in h ib i to r  preparations were assayed fo r  th e ir  level 
o f  in h ib i t io n  of the esterase a c t iv i t ie s  o f 3X c ry s ta l l iz e d  a- 
chymotrypsin and 2X c ry s ta l l iz e d  tryps in  (both from N u tr it io na l 
Biochemicals). Chymotrypsin was assayed by the method o f Schwert 
and Takenaka (29) using L-tyrosine ethyl ester hydrochloride (TEE) 
(N u tr i t io n a l Biochemicals) as a substrate. Trypsin was assayed by 
the method o f Hummel (10) using p - tosy l-a rg in ine  methyl ester 
hydrochloride (TAME) (N u tr i t io n a l Biochemicals) as a substrate. 
Chymotrypsin and tryps in  had sp e c if ic  a c t iv i t ie s  o f 7.5 and 40 un its  
per mg, respective ly . Assay procedures fo r  proteinase in h ib i to rs  
were s im ila r  to methods reported previously (20, 21). They were made 
by pre-incubating 0.1 ml o f chymotrypsin (200 pg/ml in  1 mM HC1) or
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tryps in  (50 yg/ml in  1 mM HC1) w ith 0.1 ml o f  in h ib i to r  preparation 
fo r  2 min at room temperature (approx. 24 C).
The assay fo r  chymotrypsin in h ib i to rs  consisted o f 2.5 ml o f 
1 mM TEE in 0.1 M potassium phosphate bu ffe r a t pH 7.0, plus 0.1 ml 
o f the pre-incubated enzyme-inhibitor so lu tion  in the reaction cuvette. 
The above reaction was followed spectrophotometrically w ith a single 
beam spectrophotometer (G ilfo rd  model 250), by recording decrease in 
absorbance a t 240 nm. The assay fo r  tryps in  in h ib i to rs  consisted of
2.5 ml o f 1 mM TAME in 0.1 M Tris-HCl bu ffe r at pH 8.0, plus the 
pre-incubated enzyme-inhibitor so lu tion in  the reaction cuvette.
This reaction was followed as an increase in absorbance at 247 nm.
The i n i t i a l  2 min o f a l l  reactions were measured and a l l  rates were 
l in e a r .  Percentage reduction o f proteinase a c t iv i t y  by in h ib i to r  was 
determined by comparing the rate o f change o f absorbance from the 
p lo t  w ith control assays in which the enzymes without in h ib i to r  were 
added to th e i r  respective substrates. In h ib i to r  un its  were calculated 
by the method suggested by Vogel et_ al_. (35), i . e . ,  "the quantity  of 
in h ib i to r  tha t reduces the rate o f conversion o f substrate by 1 
ymole/min under standard conditions is equal to one in te rna tiona l 
in h ib i to r  u n it  ( IU ) ."  Protein content a t various stages o f 
p u r i f ic a t io n  was determined w ith the Biorad prote in  assay (2 ) ,  using 
bovine serum albumin as a standard.
Experimental Design and S ta t is t ic a l  Ana lys is . - Three separate 
crude extractions were made and passed in d iv id u a l ly  through a f f i n i t y  
chromatographic columns fo r  each experimental treatment. The three 
rep lica ted  a f f i n i t y  eluates from each o f the experimental treatments
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were combined fo r  is o e le c tr ic  focusing. This e n t ire  procedure was 
completed a minimum o f  two times. Independent orthogonal comparisons 
at the 5% level were used as a te s t  fo r  s ign if icance between 
treatments through the a f f i n i t y  chromatography step. Indiv idual peaks 
o f electrofocused in h ib i to r  a c t iv i t y  were subjected to s ta t is t ic a l  
analysis. Peaks w ith  s t a t i s t i c a l l y  s ig n if ic a n t  a c t iv i t y  above back­
ground are indicated by a bar showing the confidence in te rv a l.
RESULTS
In h ib i to r  A c t iv i ty  in Crude Extrac ts . - Chymotrypsin in h ib i to r  
a c t iv i t y  (CTIA) and tryps in  in h ib i to r  a c t iv i t y  (TIA) in P_. infestans- 
inoculated and uninoculated TS 33 and TS 19 plants were compared 
using assays o f crude le a f  extracts . There was an apparent decrease 
in levels o f CTIA in both the TS 33 (incompatible) and TS 19 
(compatible) plants fo llow ing inocu la tion , w ith no detectable CTIA in 
the crude extracts from the inoculated TS 19 treatment (Table I ) .  
In h ib i to r  assays detected TIA in uninoculated TS 33 p lants, but none 
in the other three treatments (Table I I ) .  Although no in h ib i to ry  
a c t iv i t y  was detected by assays of crude extracts from some treatments, 
both CTIA and TIA were shown to be present in a l l  o f  the extracts by 
a f f i n i t y  chromatography.
None of the d ifferences in levels o f CTIA and TIA in  crude 
le a f extracts o f plants from the various treatments were s ta t i s t i c a l l y  
s ig n if ic a n t .  However, in general, crude le a f extracts from the TS 33 
tomato leaves contained more CTIA and TIA than extracts from the 
TS 19 tomato leaves.
A f f in i t y  Chromatography. - A f f in i t y  gels were used to 
concentrate the in h ib i to r  proteins in  the crude ex trac ts . I t  required 
12 to 15 hr fo r  the 850 ml o f d i lu te  crude extracts to flow through 
a f f i n i t y  gels. The columns were then washed w ith ex trac tion  bu ffe r 
u n t i l  the bu ffe r eluate no longer contained material tha t absorbed 
at 280 nm. The attached in h ib i to rs  were eluted in  two steps. The
39
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Table I .  Partia l P u r i f ic a t io n  o f Chymotrypsin In h ib ito rs  from 
Inoculated and Uninoculated TS 33 and TS 19 Tomato 
Plants by A f f in i t y  Chromatography
CTIAa was measured in the in h ib i to r  preparations during 
p u r i f ic a t io n  by th e i r  a b i l i t y  to in h ib i t  the esterase a c t iv i t y  of 
a-chymotrypsin, using L-tyrosine ethyl ester hydrochloride as the 
chymotrypsin substrate (see "Methods"). Protein determinations were 
by the Biorad prote in assay using bovine serum albumin as the protein 
standard (2). Each value is  an average o f s ix  re p lica tes , two 





























A f f in i t y  Chromatography





























Race 0, TS 33c 
Race 0, TS 19
TS 33 
TS 19
Race 0, TS 33 
Race 0, TS 19
TS 33 
TS 19
Race 0, TS 33 
Race 0, TS 19
TS 33 12 n o 9 86 139
TS 19 2 43 18 72 836
Race 0, TS 33 9 58 6 68 221
Race 0, TS 19 3 27 8 — —
(con tinued)
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aCTIA = chymotrypsin in h ib i to r  a c t iv i t y  measured in  in te rna tiona l 
in h ib i to r  un its  (35).
bns = non -s ign if ican t at P = 0.05; a s ing le aste r isk  (*)  = s i g n i f i ­
cant a t P = 0.05.
cRace 0 = Tomato race 0 o f Phytophthora in fes tans; Race 0, TS 33 = 
incompatible combination, Race 0, TS 19 = compatible combination.
dUnable to ca lcu la te  since no a c t iv i t y  was detected in crude 
extracts.
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Table I I .  Part ia l P u r i f ic a t io n  of Trypsin In h ib ito rs  from Inoculated 
and Uninoculated TS 33 and TS 19 Tomato Plants 
by A f f in i t y  Chromatography
g
TIA was measured in the in h ib i to r  preparations during p u r i f ic a t io n  
by th e ir  a b i l i t y  to in h ib i t  the esterase a c t iv i t y  o f t ryp s in ,  using 
para-tosy l-a rg in ine  methyl ester as the tryps in  substrate (see 
"Methods"). Protein determinations were by the Biorad prote in assay 
using bovine serum albumin as the protein standard (2). Each value 










Fo ld -P ur if ica t ion
Crude Extract
TS 33 2006 68c 0.34 100 1
TS 19 A 2698 0 0.00 100 1
Race 0, TS 33d 3077 0 0.00 100 1
Race 0, TS 19 2788 0 0.00 100 1
A f f in i t y  Chromatography
10 mM HC1 eluates, pH 2
TS 33 5 149 27 —e
TS 19 1 65 55
Race 0, TS 33 4 89 24
Race 0, TS 19 1 41 32
6 M urea e luates, pH 7
TS 33 7 41 6
TS 19 1 0 0
Race 0, TS 33 6 34 6
Race 0, TS 19 2 4 2
combined eluates
TS 33 12 189 15 453
TS 19 2 65 28
Race 0, TS 33 9 122 13
Race 0, TS 19 3 44 13 — —
(con tinued)
aTIA = tryps in  in h ib i to r  a c t iv i t y ,  measured in in te rna tiona l 
in h ib i to r  un its  (.35).
^This column is  designated "Apparent" since crude ex trac t tryps in  
in h ib i to r  assays were considered unre liab le .
cThere were no s ig n if ic a n t  d ifferences at P = 0.05 between t re a t ­
ments at any stage during p u r i f ic a t io n  o f the tryps in  in h ib i to rs .
^Race 0 = Tomato race 0 o f Phytophthora in fes tans ; Race 0, TS 33 
incompatible combination, Race 0, TS 19 = compatible combination.
eNot calculated since crude ex trac t measurements were considered 
unre liab le .
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with  about 50 ml o f 10 mM HC1, which removed a d is t in c t  peak o f 280 nm 
absorbing m a te r ia l,  and the second w ith  about 30 ml o f  6 M urea, 
which removed another much la rger peak (Fig. 1A-D). More in h ib i to r  
prote in  was s p e c i f ic a l ly  bound to the columns from the crude extracts 
o f TS 33 tomato plants than extracts from TS 19 p lan ts, as estimated 
by the absorbance at 280 nm o f both HC1 and urea eluates (Fig. 1A-D) 
and prote in assays (Tables I and I I ) .
In h ib i to r  A c t iv i ty  in  A f f in i t y  Eluates. - Levels o f CTIA and 
TIA were measured in dialyzed HC1 and urea eluates from a f f i n i t y  
columns. The in h ib i to r  a c t iv i t y  values were determined fo r  each 
eluate as well as the sum o f a c t iv i t y  in  both the HC1 and urea 
eluates fo r  the various p lant treatments (Tables I and I I ) .  TIA 
levels generally were higher in HC1 eluates than in  urea eluates 
whereas, CTIA leve ls  were s im ila r  in HC1 and urea. The only 
exception was tha t CTIA leve ls  were considerably higher in  HC1 
eluates than in  urea eluates from the uninoculated TS 33 p lants.
Measurements o f in h ib i to r  a c t iv i t y  in  the a f f i n i t y  eluates 
o f the various treatments suggested a decrease in  to ta l CTIA and TIA 
in both TS 33 and TS 19 plants fo llow ing  inocu la tion . The only 
s t a t i s t i c a l l y  s ig n i f ic a n t  d iffe rence observed among the treatments 
was when leve ls  o f CTIA in the two uninoculated tomato selections 
were compared. Measurements in  leve ls  o f CTIA in HC1 eluates and the 
sum o f a c t iv i t y  from both HC1 and urea eluates ind ica te  s ig n i f ic a n t ly  
more CTIA in the uninoculated TS 33 plants than in  the uninoculated 
TS 19 plants (Table I ) .  The same pattern was observed when CTIA was 
compared in the inoculated TS 33 and TS 19 plants but the differences 
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Fig. 1. A f f i n i t y  chromatography o f  t ry p s in  and chymotrypsin 
in h ib i to rs  from le a f  t issue o f  TS 33 and TS 19 tomato p lants inoculated 
and uninoculated w ith  Ph.ytophthora in festans (Race 0). A f f i n i t y  
columns consisted o f  30 ml o f  a 3:1 m ixture o f  chymotrypsin-agarose 
and trypsin-agarose in  1.5 x 20.0 cm columns. A f f i n i t y  chromatography 
was accomplished in four steps: (1) 850 ml o f  d i lu te  crude ex trac t
from 8.5 gm o f tomato le a f powder were allowed to f low  through the 
a f f i n i t y  columns, (2) columns were washed w ith  ex trac t ion  b u ffe r ,  (3) 
columns were e luted w ith  about 50 ml o f  10 mM HCI conta in ing 0.3 M 
KC1 at pH 2.0 (1st peak at 280 nm), and (4) columns were e luted with 
about 30 ml o f 6 M urea conta in ing 0.1 M CaCK at pH 7.0 (2nd peak at 
280 nm).
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Yields o f CTIA from a f f i n i t y  chromatography were more than 
68% in a l l  treatment combinations tested, with a greater than 139 
fo ld -p u r i f ic a t io n  achieved in a l l  experiments i f  one accepts the crude 
ex trac t in h ib i to r  measurements at face value (Table I ) .  The estimates 
o f fo ld -p u r i f ic a t io n  are based on the large increases in spec if ic  
a c t iv i t y  o f CTIA due to  separation o f the in h ib ito rs  from large amounts 
o f non inh ib ito r proteins by a f f i n i t y  chromatography. Apparent fo ld -  
p u r i f ic a t io n  o f TIA a f te r  a f f i n i t y  chromatography could only be 
calculated fo r  the uninoculated TS 33 ex trac ts , since i t  was the only 
treatment in which the TIA assay o f crude extracts gave a pos it ive  
reading. However, th is  reading was considered too low to be accurate, 
and so y ie lds  of TIA in  th is  combination were not calculated. Trypsin 
in h ib i to r  assays using crude extracts from the other combinations were 
also considered unre liab le . A fte r  a f f i n i t y  chromatography o f the 
ex trac ts , substantia l levels o f TIA were detected in a l l  combinations 
(Table I I ) .  As w ith the CTIA, there was a pattern of higher TIA in  
the TS 33 plants but the differences were not s t a t i s t i c a l l y  s ig n if ic a n t .
Is o e le c tr ic  Focusing. - Seven main peaks designated A through 
6 o f CTIA and TIA were resolved by is o e le c tr ic  focusing. The same 
peaks occurred in a l l  treatments using le a f  tissue from TS 33 and 
TS 19 tomato -plants, both inoculated and uninoculated. These peaks are 
evident in Figures 2A-D and 3A-D which show leve ls  o f CTIA and TIA, 
respective ly , in 4 ml frac t ions  eluted from gel s l ice s . In prelim inary 
is o e le c tr ic  focusing experiments, i t  was found tha t the is o e le c tr ic  
points o f some in h ib i to rs  were so close together in the gel bed tha t 
f ra c t io n a t io n  by a r b i t r a r i l y  s l ic in g  the gel bed sometimes fa i le d  to
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Fig. 2. Chymotrypsin in h ib i to r  a c t i v i t y  (CTIA) o f  is o e le c t r ic a l ly  
focused in h ib i to r  p rote ins. In h ib i to r  p rote ins in a f f i n i t y  
column e luates, from TS 33 and TS 19 tomato p lan ts , inoculated and 
uninoculated w ith Phytophthora in festans (Race 0 ) ,  were d ialyzed and 
mixed uniform ly in  slab gels. In h ib i to rs  were separated by 
preparative f la t -b e d  is o e le c t r ic  focusing using an LKB 2117 Multiphor. 
Slab gels were frac tiona ted  by cu t t in g  w ith  a g r id  a f te r  is o e le c t r ic  
focusing and in h ib i to rs  were eluted from each f ra c t io n  fo r  determination 
o f a c t iv i t y .  Points on the curves represent the to ta l  quan tity  o f 
CTIA, measured in  in te rna tiona l in h ib i t o r  u n its ,  in  a s ing le  4 ml 
fra c t io n .  Peaks o f CTIA are la b e lled  A-G.
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Fig. 3. Trypsin in h ib i to r  a c t iv i t y  (TIA) o f  is o e le c t r ic a l ly  
focused in h ib i to r  prote ins (see Fig. 2 fo r  methods).
49
re s u l t  in  good reso lu tion . Therefore, data from a single iso e le c tr ic  
focusing experiment fo r  each treatment, showing the best resolution 
o f the in h ib i to rs ,  were selected fo r  Figures 2 and 3. A ll in h ib i to r  
peaks detected had both tryps in  and chymotrypsin in h ib i to ry  a c t iv i t y  
associated w ith them, but not in the same re la t iv e  proportion. TIA 
in peaks E, F, and 6 (Fig. 3A-D) re la t iv e ly  is  much higher than CTIA 
measured in the same peaks (Fig. 2A-D). Since the TIA assay is  more 
sens it ive  fo r  detection o f peaks E, F, and G, tryps in  in h ib i to r  assays 
were used to locate peaks E, F, and G and chymotrypsin in h ib i to r  
assays were used to locate peaks A, B, C, and D fo r  summation o f CTIA 
or TIA in  the peak frac t io n s  (Table I I I ) .  Yields obtained by 
to ta l in g  the CTIA and TIA under peaks A through G (Table I I I )  
demonstrated tha t no loss in a c t iv i t y  had occurred in any o f the 
experiments fo llow ing  is o e le c tr ic  focusing. In fa c t ,  in most cases, 
more a c t iv i t y  was detected than before focusing.
The s ta t is t ic a l  d iffe rence in  leve ls  o f CTIA observed in 
a f f i n i t y  eluates o f the TS 33 and TS 19 plants was mainly a ttr ib u te d  
to d ifferences in  leve ls  o f CTIA in  is o e le c t r ic a l ly  focused peaks 
A, B, C, and D from the two tomato se lections. Levels o f CTIA in 
peaks A, B, C, and D were considerably higher in  the TS 33 plants than 
in TS 19 p lan ts , whereas, levels o f CTIA in peaks E, F, and G were 
s im ila r  between the two p lant selections (Table I I I ) .  TIA in the 
same peaks were about the same fo r  both tomato se lections.
Examination o f CTIA and TIA leve ls  in the various peaks does 
not reveal major qu a n t ita t ive  changes in any p a r t ic u la r  in h ib i to r
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Table I I I .  Proteinase In h ib ito rs  in A f f in i t y  Eluates from P. in festans-
Inoculated and Uninoculated Tomato Leaf Tissue
Chymotrypsin in h ib i to r  a c t iv i t y  (CTIA) and tryps in  in h ib i to r  
a c t iv i t y  (TIA) were measured in eluates from fractionated gel beds 
a f te r  is o e le c tr ic  focusing (see procedure in Fig. 2).
In h ib i to r Specific*3 Inoculated Inoculated
Peak p Ia A c t iv i ty  TS 33c TS 19 TS 33 TS 19
Chymotrypsin In h ib i to r  A c t iv i ty  Units
A 9.5 10 15 4 6 6
B 8.4 12 29 8 11 9
C 7.9 31 21 14 9 9
D 7.5 28 17 12 9 11
E 6.7 41 11 11 8 10
F 5.8 27 11 13 9 10
G 4.9 23 11 13 7 10
Trypsin Inhi b i to r  A c t iv i ty Units
A 9.5 28 22 19 22 10
B 8.4 38 46 39 40 20
C 8.0 52 25 31 18 3
D 7.5 56 28 37 15 2
E 6.7 106 39 38 20 13
F 5.9 115 53 64 47 21
G 4.9 118 72 69 32 41
aAverage is o e le c tr ic  po int o f a l l  treatments. 
^Average spec if ic  a c t iv i t y  o f  a l l  treatments.
Total in h ib i to ry  a c t iv i t y  in  a l l  frac t ions  under each peak, 
expressed in in h ib i to r  un its . Each value is  an average o f two 
complete is o e le c tr ic  focusing experiments.
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peak fo llow ing  in fe c t io n  o f the TS 33 and TS 19 plants. Rather, there 
was a general decline in CTIA and TIA in most o f the ind iv idua l 
electrofocused in h ib i to r  peaks fo llow ing in fe c t ion  in both 
compatible and incompatible combinations (Table I I I ) .  The general 
decline in overa ll in h ib i to r  a c t iv i t y  fo llow ing inocu la tion , and the 
d ifferences in endogenous leve ls  of CTIA in uninoculated TS 33 and 
TS 19, noted in the crude extracts and a f f i n i t y  e luates, were the 
primary d ifferences observed between treatments a f te r  is o e le c tr ic  
focusing.
DISCUSSION
The resu lts  obtained in th is  study fa i le d  to confirm those 
previously reported from th is  laboratory in which CTIA and TIA were 
shown to increase in tomato plants inoculated with an incompatible 
race o f P_. infestans (20, 21). Using the same host-parasite system 
and s im ila r  in h ib i to r  assay procedures as used in the previous study, 
no increase in leve ls  o f CTIA or TIA could be measured in crude le a f 
extracts o f tomato plants 48 hr a f te r  inoculation w ith an incompatible 
race o f P_. in fes tans. Since there are numerous p i t f a l l s  in the use 
o f crude extracts in enzymatic assays, i t  was decided to p a r t ia l l y  
p u r i fy  the in h ib i to rs  from the p lant extracts and assay them to 
determine whether any proteinase in h ib i to r  changes could be 
associated w ith the race-spec if ic  resistance response in tomato to 
£. in fes tans .
A f f in i t y  chromatography was used to p a r t ia l l y  p u r i fy  and 
concentrate in h ib i to rs  from crude extracts o f tomato leaves. Measure­
ments o f CTIA and TIA in a f f i n i t y  eluates showed tha t ra ther than 
an increase there was a decrease in in h ib i to r  a c t iv i t y  in both 
incompatible and compatible tomato plants a f te r  inocu la tion . The 
resu lts  did show tha t the endogenous leve ls  o f the chymotrypsin and 
tryps in  in h ib i to rs  were higher in TS 33 than in TS 19, but the 
importance, i f  any, o f  th is  d iffe rence in re la t io n  to the response 




A f f in i t y  chromatography eluates containing proteinase 
in h ib i to rs  from each o f the experimental treatments were subjected 
to is o e le c tr ic  focusing fo r  separation to determine whether ind iv idua l 
in h ib i to r  levels were affected by inoculation. Seven main peaks o f 
CTIA and TIA were iso la ted by th is  technique. Q u a li ta t iv e ly ,  the 
is o e le c t r ic a l ly  focused in h ib i to r  peak p ro f i le s  fo r  CTIA and TIA were 
e sse n t ia lly  the same in extracts from inoculated and uninoculated 
TS 19 and TS 33 plants (Fig. 2A-D and 3A-D). The lack o f q u a l i ta t iv e  
changes implies tha t w ith in  the detection l im i ts  o f the techniques 
used, no new in h ib i to rs  were induced and none o f the ex is t ing  ones were 
severely repressed as a re su lt  o f compatible or incompatible host- 
parasite combinations. Q uan tita t ive ly , the is o e le c t r ic a l ly  focused 
in h ib i to r  peak p ro f i le s  showed tha t there was a decrease in most o f 
the peaks from extracts of TS 33 and TS 19 a f te r  inocu la tion w ith 
P_. infestans (Fig. 2A-D) and 3A-D and Table I I I ) .  Apparently, th is  
host response to the pathogen is  general ra ther than s p e c if ic ,  since 
leve ls  o f  most o f the in h ib i to rs  decline in both compatible and 
incompatible combinations.
In a previous study, i t  was shown tha t the leve ls  of 
in h ib i to rs  in TS 33 plants were increased markedly in  response to 
mechanical wounding (3). Iso e le c tr ic  points o f  the electrofocused 
in h ib i to rs ,  found in the present study, were p ra c t ic a l ly  iden tica l to 
those resolved in the wound in h ib i to r  study. Also, the re la t iv e  
a b i l i t i e s  o f the wound in h ib i to rs  and those iso la ted  in  the present 
study to in h ib i t  tryps in  and chymotrypsin were s im ila r .  Therefore, 
the in h ib i to rs  were considered iden tica l and so labeled A through 6.
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The electrofocused in h ib i to rs  in the previous study (3) and th is  
study can be divided in to  two classes based on th e ir  re la t iv e  
a b i l i t i e s  to in h ib i t  tryps in  and chymotrypsin; A, B, C, and D, being 
re la t iv e ly  be tte r chymotrypsin in h ib i to rs  and E, F, and G being 
re la t iv e ly  be tte r tryps in  in h ib i to rs .
I t  has not been determined why we were unable to repeat the 
resu lts  o f Peng and Black (20, 21). I t  does appear tha t i f  experimental 
conditions resulted in the large accumulation o f in h ib i to r  a c t iv i t y  
reported in the incompatible host-parasite combination, the in h ib i to r  
accumulation was not the fa c to r responsible fo r  the in co m pa tib i l i ty  
(res is tance). This conclusion is drawn because resistance was 
expressed in the present study in the same TS 33 race 0 combination, 
but no concommitant increase in in h ib i to r  a c t iv i t y  was detected in 
crude extracts or more importantly in a f f i n i t y  eluates.
The idea tha t there may be a spec if ic  in h ib i to r  response to 
a sp e c if ic  p lant pathogenic race responsible fo r  determining 
co m pa tib i l i ty  or in co m p a t ib i l i ty  is  in t r ig u in g .  From the resu lts  o f 
th is  inves tiga tion  i t  is  apparent tha t i f  proteinase in h ib i to rs  play 
a ro le  in race-spec if ic  resistance in  tomatoes to  P_. in fes tans , the 
resistance is  not due to a large overa ll accumulation of in h ib i to rs  
in the p lan t challenged by the potentia l pathogen. I t  now seems more 
p lausib le  tha t i f  proteinase in h ib i to rs  are involved in  the race- 
sp e c if ic  resistance observed in  th is  system, tha t induction or 
repression o f ind iv idua l in h ib i to rs  would be more l i k e ly  p o s s ib i l i t ie s  
than changes in to ta l in h ib i to ry  a c t iv i t y .  I f  q u a l i ta t iv e  changes 
occurred as a re s u l t  o f  inocu la tion they were not shown in  the present
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study. However, the p o s s ib i l i t y  remains tha t certa in  in h ib i to rs  were 
undetected since sharp resolution  o f some in h ib i to r  peaks was not 
obtained by the preparative e lectrofocusing method used.
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